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INTRODUCTION
Posture is defined as the relative disposition of the body at any one moment. It is
a composite of all body joints during that time and, in its ideal state, minimizes
gravitational stresses in an upright position. Spinal curves help to distribute weight and
compressive loads and add strength and stability to the vertebral column.1 Ideal static
posture has been described as a straight vertical line that passes through the earlobe, just
anterior to the lateral malleolus, and falls to the concave side of each spinal curve.2
Factors that affect posture and result in the most prevalent postural faults include
muscle imbalances, changes in connective tissue, and changes in joint alignment.3 Upper
and lower crossed syndromes are examples of muscle imbalances that affect posture in
the upper and lower quarter respectively.3 Displacements of center of mass caused by
weight gain and pregnancy frequently cause postural adaptations.1,2 Loss of tissue
extensibility is a common change that occurs with age,4 which may relate to postural
adaptations seen in older populations when compared to younger age groups.5 Poor
postural behavior due to job duties and personal habits can also lead to long-term postural
changes.3 A correlation may also exist between physical activity and posture, though
there is scant evidence to support this.6-10
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The preponderance of evidence suggests that posture is stable over various time
frames, with some variability over the long-term with pelvic tilt.6,11-14 The elements that
have been examined primarily include lumbar curvature, thoracic curvature and forward
head posture. The available literature shows that when large age gaps are compared,
posture deteriorates with age.5,6,15
There have been few longitudinal studies of posture, especially in young adults,
and most use methods that are not clinically feasible. More information is needed about
what methods of posture assessment are appropriate for clinical use and how posture
changes over time. The relationship between posture and other factors such as activity
and pain also needs more research.
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LITERATURE REVIEW
Posture, as defined by Magee (2008), is the relative disposition of the body at any
one moment, as well as a composite of positions of all body joints during that time.2 Ideal
posture is defined as a position that minimizes gravitational stresses in an upright
position.1,2 Magee defined ideal static postural alignment as a straight vertical line that
passes through the earlobe and just anterior to the lateral malleolus.2 Neumann 2010
added that this line of gravity falls to the concave side of each spinal curve, which
produces the torque that helps maintain the concavity of the spinal curvatures.1 A curved
spine serves to decrease compressive loads through the spine as humans move. The
ability for the spine to give slightly under a load, rather than statically resisting these
compressive forces, provides increased strength and stability to the vertebral column.1
Posture in the elderly is generally more abnormal than younger adults,5,6,15,16 so it is
generally assumed that posture changes with time; but there is little longitudinal evidence
describing how early these changes begin and how quickly they take place, particularly in
young adults.
There are numerous instruments available to assess posture. The gold standard is
radiographic imaging, which has been shown to be valid and reliable for measuring spinal
posture.11 Harrison et al. measured cervical and lumbar posture with both anterior-
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posterior and lateral radiographs. Their measurements indicate that both posture and
radiographic positioning are repeatable, and radiographic line drawing analysis for spinal
displacement is highly reliable.11 However, this method is not feasible for clinical use and
carries risks that make it inappropriate for routine research purposes.
Spinal Curves
One safe and accessible method for measuring thoracic and lumbar curves is the
Flexicurve, which is a long, flexible ruler that can be molded to the spine. It holds its
shape and can be traced on paper to record the contour of a postural curve. Barrett et al.
(2013) found that the Flexicurve had excellent intrarater reliability and good interrater
reliability for thoracic measurements.17 Oliveria et al. (2011) also found the Flexicurve to
have excellent intrarater and interrater reliability for lumbar as well as thoracic curvature
measurements when compared to Cobb angles measured on radiographs. They went on to
state that though the instrument is reliable, improper handling during the transition from
the subject to the paper can lead to losing the true spinal curve when tracing the
measurement.18
Hinman (2003) found that among graduate students, who were novice users of the
instrument, the interrater and intrarater reliability for the Flexicurve was excellent for
thoracic measurements and good for lumbar measurements. They felt the reduction in
reliability in lumbar measurements was the result of subjects’ clothing interfering with
measurements.4 Texiera and Carvalho (2007) reported that the Flexicurve was a valid and
reliable tool to measure thoracic kyphosis.19
Pelvic Inclination
Herrington et al. (2011) define pelvic inclination as the angle between a
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horizontal line and a line between the anterior superior and posterior superior iliac spines
(ASIS and PSIS, respectively).20 Pelvic inclination can be quickly and easily assessed
with the PALM™ Palpation Meter, a combination of an inclinometer and caliper that
measures the angle between the line connecting the ASIS and PSIS and a horizontal line.
Crowell (1994), Gilliam (1994), and Hagins (1998) were able to show that the
PALM had excellent inter- and intra-rater reliability when measuring pelvic tilt.21-23
Hagins (1998) was specifically able to demonstrate that the device still had excellent
reliability when measuring over clothing, which was the more clinically applicable
method.23 The device was also shown, according to Crowell (1994), to be valid when
compared to radiographs,21 although Gilliam et al. (1994) questioned the reliability of the
radiographic measurements and whether or not they were more reliable than
measurements taken with an inclinometer by a physical therapist (PT). They found that
the reliability of a manually measured pelvic angle and a radiographically measured
pelvic angle was 0.85 and 0.68 respectively.22 This analysis showed radiographic
measurements to be less reliable than a physical therapist’s measurements. Crowell then
stated that an experienced PT is capable of making reliable measures by utilizing the
PALM as long as they utilize proper pelvic landmark palpations and standard testing
position.21 Gnat et al. (2009) also determined the PALM to be a reliable instrument by
measuring bilateral pelvic inclination to examine for pelvic asymmetries using methods
described by Crowell et al. (1994), who found the inclinometer technique to be reliable in
measurements of the innominate bone inclination.21,24
Forward Head Posture
Forward head position can be reliably measured using photogrammetry, in which
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software is used to identify landmarks to allow the measurer to draw lines and angles
between them on a digital photo; these methods differ slightly in the anatomical
landmarks that each study used to analyze head position.25-28
Both Salahzadeh et al. (2014) and Van Niekerk et al. (2008) showed evidence that
photogrammetry has excellent inter- and intra-rater reliability for assessing cervical head
posture,25,27 although each research group used different measurement landmarks to
assess forward head posture (FHP). Salahzadeh et al. (2014) quantified FHP using a
single “craniovertebral” angle that was measured between a horizontal line and a line
drawn from the spinous process of C7 and tragus of the ear,25 while Van Niekerk et al.
used a combination of five angles to analyze the same posture.27 In two photogrammetry
studies by Salahzadeh and Gadotti et al. (2010), a physical therapist was able to reliably
discriminate between moderate-severe FHP, slight FHP, and non-FHP using the
craniovertebral angle.25,26 Van Niekerk et al. (2008) provided sufficient evidence to
consider this method a valid measurement when compared to radiographs.27 Alkhateeb et
al. (2016) found the Coach’s Eye photogrammetry application to have high inter-rater
reliability for measuring cervical angles.28
Refshauge et al. (1994) measured specific components of FHP in order to
determine the reliability and validity of cervical posture measurements. They described
cervical inclination as the angle between the horizontal and a line drawn between C2 and
C7, C2 and T1, and C2 and T2 respectively and cervical lordosis as the angle subtended
by lines drawn through C2 and C4, and through C4 and C7 (See Figure 1).29 Together,
these measurements form the components of forward head posture.
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Figure 1: Components of cervical posture as described by Refshauge et al. (1994)29
Rounded Shoulder Posture
The assessment of rounded shoulders can be quantified by measuring scapular
position relative to the thoracic spine. Although various measurement landmarks on both
the spine and scapula have been used in the literature, each of the methods listed below
has been found to be reliable and valid when using either an unmarked string or the
aforementioned PALM.30-33
Lynch et al (2010) defined total scapular distance as the distance from the T3
spinous process to the inferior angle of the acromion and established reliability for this
measurement by blinding the assessor who used an unmarked string to mark the
endpoints and then measured the string on a stationary tape measure.30
Other studies tested the reliability of the PALM for measuring the distance from
the spine to the scapula. When using the PALM, the distance between the calipers
translated to a distance on the PALM calculator, in centimeters marked on the instrument
itself, much like using a traditional tape measure. Rondeau (2007) used this measurement
to establish reliability for the PALM when measuring the overall relationship between the
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scapula and the spine. In order to do so, he measured the distances between several
landmarks on the scapula and the spine with the PALM. Among these measurements was
the distance between the T3 spinous process and the inferior angle of the acromion,
which he found to be valid and reliable for measuring the horizontal relationship between
the spine and the scapula.31
Da Costa (2010) and Park (2013) used the PALM inclinometer and the PALM
calculator, a slide ruler used to convert the inclinometer from degrees to centimeters, to
measure the vertical distance from the acromion to the C7 spinous process to determine
scapular depression and elevation (line from F to E) (See Figure 2). They also measured
from the root of the spine of the scapula to the thoracic spine to determine scapular
distance (Line from A to B), and the inferior angle of the scapula to the thoracic spine to
determine scapular distance along with possible rotation (Line from C to D). This was
done in order to determine whether the PALM was a valid and reliable tool to measure
scapular position in relationship to the thoracic spine, and thus the resting position of the
subject’s shoulders. Da Costa and Park found that analyzing this relationship was a valid
and reliable technique for measuring rounded shoulders posture.32,33

Figure 2: Measurements Used by Da Costa (2010) and Park (2013) to Determine
Scapular Position32,33
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Though all of these studies show that measuring the distance between the scapula
and the spine is a valid and reliable method to quantify rounded shoulders posture, the
PALM instrument may not be available to most clinicians. Using an unmarked string and
tape measure could prove to be the most clinically applicable method because it does not
rely on equipment that clinicians may not have access to.
Common Postural Faults
Deviations from normal posture are generally attributed to a combination of
muscle imbalances, adaptive changes in connective tissue, or structural joint alignment.
These are thought to develop slowly, presumably as a result of long-term musculoskeletal
stresses and/or as a result of muscular dysfunction.3
Lower crossed syndrome and upper crossed syndrome are terms used to describe
common patterns of postural faults in the large proximal joints of the lower and upper
quarter, respectively. These faults are mostly the result of a combination of muscular
weakness and tissue tightness. In lower crossed syndrome, the hip flexors and Erector
Spinae are tight, and the Gluteals and Abdominals are weak. This causes excess lumbar
lordosis, increased hip flexion, and excessive anterior pelvic tilt. In upper crossed
syndrome, there is tightness in the Upper Trapezius, Levator Scapula, Pectoralis Major,
and Sternocleidomastoid (SCM) along with weakness in the Deep Neck Flexors (DNFs),
Lower Trapezius, Serratus Anterior, and scapular stabilizers, which creates forward head
posture and rounded shoulders.3
Another way to summarize these common faults is by using one of three names to
summarize the overall posture. Kyphosis-lordosis posture involves increased curvature in
both the thoracic and lumbar spine and may include both upper and lower crossed
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syndromes. In this posture, the head is still largely over the pelvis. Flat-back posture
includes reduced lumbar lordosis and increased posterior pelvic tilt. Again, the head is
largely over the pelvis. Swayback posture involves forward head position, posterior shift
of the trunk, increased posterior pelvic tilt, and hyperextension at the hips. In this posture,
the head and upper trunk is posterior to the pelvis.3
Is Posture Stable?
While posture generally deteriorates in the long term,3 the idea of whether posture
is stable or fluctuates in the short term has regularly been questioned in the literature. A
variety of methods have been used to measure the components of posture, but the results
remain inconclusive.
Bullock-Saxton (1993) performed a long-term postural study that also examined
the short-term repeatability of evaluating pelvic tilt and spinal curves throughout a day in
non-pregnant pain-free subjects, non-pregnant subjects who reported pain, and pregnant
subjects. She concluded that posture was consistent across multiple points in a single day,
provided subjects were asked to stand comfortably erect. She also found that spinal
posture stayed relatively constant for up to two years in a group of 18 to 19 year old
subjects; however, pelvic tilt changed significantly between the beginning of the study
and the measurement at 16 months, but not between the beginning of the study and the
measurement at 24 months. This variation in the measurements was attributed to the
variability of pelvic tilt over time, despite the stability of the other postural variables.12
Gilleard et al. (2002) also investigated changes in sagittal plane alignment in pregnant
and postpartum women compared to non-pregnant controls in a longitudinal study. They
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found that non-pregnant control subjects had no significant change in spinal curves,
pelvic tilt, or head position over a 32-week span.34
Though Refshauge et al. (1994) found that all measures of cervical inclination and
cervicothoracic kyphosis were highly reliable, cervical lordosis measurements were less
reliable than the remaining variables tested in their study. They stated that since some
components of posture were found to be reproducible when re-tested on a single day or
on two occasions one week apart, they may be used as outcome measures in clinical
practice; however, they were unable to conclude that overall cervical posture was
reproducible with each measurement.29
Three additional researchers examined posture over the course of a week and a
single day. Pownall et al. (2008) examined the consistency of seated and standing posture
by placing markers on upper extremities, lower extremities, and the trunk and recorded
patients positioned in multiple postures using a video camera. Still-frames from the video
clips were analyzed to compare patients’ posture and it was found that these postures
were consistent over a one-week period.13 Szeto et al. (2001) measured the neck and
shoulder position of office workers throughout a work day and found that the posture of
office workers did not change over a work day.35 Similarly to Refshauge et al., they
postulated that composite FHP does not appear to change; however, the individual
components of FHP, upper cervical extension and lower cervical flexion, may vary
throughout the day.29,35 Szeto also recognized that though they did not measure each
subject’s thoracic angle, most of their subjects sat with their backs resting on chairs,
which aided maintenance of an overall upright sitting posture and may have influenced
the repeatability of their cervical posture measurements.35
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Laird (2016) looked at the repeatability of lumbar curve measurements throughout
a day in people with and without low back pain using wireless, wearable, inertial
measurement units to measure lumbar lordosis, range of movement and lumbo-pelvic
rhythm and found no significant changes in lumbar lordosis throughout a day or between
days. They also found no significant differences between lumbar lordosis in patients with
and without low back pain.14
Much research has been conducted on postural changes that occur with age.
Hammerberg and Wood (2003) looked at sagittal alignment in elderly people and found
that a plumb line, when aligned with the C7 spinous process, appears to move anteriorly
with age, whereas lumbar lordosis seems to decrease with age.16 Gelb et al. (1995) also
looked at sagittal alignment in middle-aged and older adults and found similar results,
stating that older subjects had a C7 plumb line falling more anterior to the sacrum than
younger subjects.15 Drzal-Grabiec et al. (2013) compared a group of 60-90-year-olds to a
group of 20-25-year-olds and found that only the lumbar curve was similar between
groups, while an increase in thoracic kyphosis was noted in the 60-90-year-old group. An
overall difference in symmetry of subjects’ posture was also found.6 Similarly, Singh et
al. (2010) compared the shape of the anterior-posterior curvature of the spine in a group
of younger women to a group of older women and found significantly deeper thoracic
kyphosis in older women than younger women, but no significant difference in lumbar
lordosis between the two groups.5
The preponderance of the literature suggested that posture is stable over various
time frames, with some variability over the long-term with pelvic tilt. Long-term analysis
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spanned from 32 weeks to two years, and short-term analysis spanned from the course of
a single day to one week.
What Alters Posture?
Muscle imbalances,3 displacements of center of mass,1,2 loss of tissue extensibility
over time,4 and changes in physical activity6 all contribute to gradual postural changes.
Poor postural habits related to job duties may also contribute to adaptive shortening or
lengthening of muscles and ligaments, resulting in postural changes.2 Furthermore, due to
the geometric construct of the spine, it has been noted that changes in one segment of the
spinal curve will subsequently impact curvature in the sagittal plane.36 This helps explain
how slight alterations to the spine or the muscles or other connective tissues surrounding
it can cause widespread changes in posture.
Neumann stated that the line of gravity should fall to the concave side of each
spinal curve, producing torque that affects the shape of each curve. He went on to
describe how a change of center of mass can affect each spinal curve.1 The factors that
affect the line of gravity and where it falls relative to the spinal curvatures include:
location and amount of fat deposition, the precise shapes of the spinal curves, static
position of the head and the limbs, muscle strength, connective tissue extensibility, and
both the position and magnitude of loads supported by the body.1
Drzał-Grabiec et al. (2013) stated that as a result of aging, there is an observable
decrease in skeletal mass, muscle tissue, weight loss, a gradual increase in the fragility of
connective tissue, and a reduction of muscle strength due to a general slowing of
physiological processes. They also maintained that movement capabilities are diminished
with age due to changes in ligaments and articular cartilage.6 Hinman (2004) also
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examined how stiffness or a decrease in tissue extensibility might lead to changes in
posture in pre-menopausal and post-menopausal women. By measuring thoracic curves
first in relaxed normal standing, and again in a maximally erect posture, she analyzed
how much each subject was able to volitionally affect her own posture. The results
showed that younger women had a greater degree of self-correction throughout their
thoracic spines, suggesting that postural stiffness increases with age.4 This appears to
support the notion that tissue extensibility decreases with age.6
Kado et al. (2009) also examined the effects of aging on posture, specifically
focusing on hyperkyphosis in the elderly. They found that any pathological process that
affected either the vertebral bodies or the intervertebral discs can potentially result in agerelated hyperkyphosis. They maintained that posture, muscle strength, and ligamentous
degeneration also influence the degree of thoracic kyphosis. The gradual fixation of both
the contractile and noncontractile components of the spine as a result of subjects’ postural
habits have a significant impact on the development of hyperkyphosis.37
Postural Deviations and Pain
Physical therapists often assess and treat faulty posture in patients with low back
and pelvic girdle pain, but the available literature is unclear as to the correlation between
posture and pain. Multiple studies have concluded that abnormal postures may be
associated with an increase in musculoskeletal pain across multiple age groups;
,2,7,35,38,39,40,41 however, one determined that there was no association between faulty
posture and pain.14
Magee (2008) stated that postural faults can cause pain by placing abnormal
stresses on the body, which cause excessive wear on the articular joint surfaces and can
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lead to the production of osteophytes in response to repetitive loading. Through these
adaptations, soft tissues may become weakened, stretched, or traumatized. All of these
changes can eventually lead to pain, especially if sustained over prolonged periods.2
Other studies supported Magee’s conclusions and speculated that the high prevalence of
pain in the lumbar spine might be related to the fact that the lumbar region is primarily
responsible for the support of static and dynamic loads.7,38 Candotti et al. (2015) and
Christie et al. (1995) both found a significant association between changes in the lumbar
spine and back pain,7,38 but Christie found that only the most severe postural
abnormalities were related to a significant increase in the incidence of pain.38 In contrast,
Laird (2014) found no difference in lordosis between subjects with and without low back
pain.14
Similarly to Christie et al., Griegel-Morris et al. (1992) found that in subjects with
postural abnormalities, the severity of the anomaly positively correlated with the presence
of pain. They also found that people with thoracic kyphosis and rounded shoulders had a
higher incidence of interscapular pain, and people with FHP had an increased incidence
of interscapular, cervical, and headache pain.38,39
FHP in symptomatic and asymptomatic subjects has been compared in numerous
studies that looked at sitting posture in office or computer workers. A systematic review
conducted by Brink and Louw (2012) examined the relationship between sitting and
upper quarter musculoskeletal pain (UQMP) in children and adolescents and found
significant associations between sitting posture, duration, activities, and UQMP.40
Szeto et al. (2001) compared neck and shoulder postures in office workers with
and without pain and found that those with musculoskeletal pain had greater head tilt,
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neck flexion, and greater acromion protraction than workers without pain.35 Overall, their
findings demonstrated that symptomatic subjects typically had more FHP than
asymptomatic subjects. Silva et al. (2009) also compared subjects with neck pain to those
without, and found a significantly smaller craniovertebral angle, and thus a greater degree
of FHP, in subjects with neck pain. Although the difference was too small to be clinically
meaningful, the results still showed greater FHP in subjects with chronic, non-traumatic
neck pain as compared to pain-free subjects.41
Physical Activity and Pain
Candotti et al. (2015) and Akima et al. (2001) stated that when someone is
inactive over an extended period, their muscles weaken, which can lead to the
accentuation of spinal curves.7,8 Candotti associated these postural changes in the L-spine
with back pain and age, with elderly individuals being more affected by postural changes
than younger subjects.7
Thorbjornsson et al. (2000) examined work-related stresses and pain and found
that those with both sedentary and extremely physically demanding jobs had an equal
likelihood of having low back pain, but individuals with jobs that require moderate
physical activity had less of an incidence of low back pain than the other two.9 Heneweer
et al. (2009) also found a U-shaped relationship between physical activity and low back
pain, where both physically inactive and highly active people were more likely to
experience low back pain than their moderately active peers, and the association was
particularly evident in women (Figure: 3).10
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Figure 3: Relationship Between Physical Activity and Low Back Pain as Described by
Heneweer et al. (2009)10
Measuring Musculoskeletal Pain
Measuring musculoskeletal pain is difficult due to the subjective nature of pain,
which therefore makes comparisons between subjects’ pain reports difficult. The Cornell
Musculoskeletal Discomfort Questionnaire (CMDQ) is a test to measure musculoskeletal
discomfort and how any reported discomfort may affect a patient’s ability to work.42,43
The survey asks about musculoskeletal pain in twenty different locations of the body and
discriminates between right and left sides, how intense the discomfort is, and how it
affects the patient’s work activities. Kreuzfeld et al. (2016) and Erdinc et al (2011)
described the CMDQ as a reliable, valid, and clinically applicable test.42,43 Kreuzfeld
went on to state that it is an easy to use and efficient survey that applies to patients in a
wide variety of professions.42
Physical Activity in College Students
Blake et al. (2016) looked at physical activity habits over twelve months in
nursing and medical students and found that 38% of medical students and 48% of nursing
students did not meet what the researchers deemed the minimum recommended exercise
requirements for their age groups, based on the UK Department of Health physical
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activity guidelines. The students reported that the primary barriers for not meeting
exercise requirements were time constraints and a lack of perceived benefits.44
Keating et al. (2005) conducted a meta-analysis of college students’ physical
activity behaviors and found that about 40% of students are inactive, which is roughly the
same level of physical activity as the general population. However, there was a difference
in timing of activity, with college students being more active on weekdays and the
general population typically being more active on weekends. They also found that
students less than thirty years old were more likely to engage in vigorous physical
activity than older students.45
Summary
Both posture and the factors that affect it have been well described in the
literature. Postural faults have been noted in textbooks and research alike, but there is
little longitudinal research to show how posture changes over time, especially in young
adults. The studies that do exist use methods to measure posture that are often not
clinically feasible, with radiographs being considered the gold standard for postural
measurements. There is, however, conclusive research to show clinically feasible
measurement techniques to analyze posture without using radiographs. The Flexicurve,
PALM™ Palpation Meter, photogrammetry via Coach’s Eye application, and scapular
distance measurement have been recognized as valid and reliable methods to quantify
spinal curvature, pelvic tilt, forward head posture and rounded shoulders posture,
respectively.
The research describing the relationship between posture and pain has shown that
abnormal postures have been correlated with pain, but it is not well known what may
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qualify as abnormal posture and whether or not the effects may be seen in all patient
populations. With regard to activity level, a U-shaped relationship has been established in
the literature to support the notion that moderate levels of physical activity may decrease
the incidence of back pain.
Purpose of the Study
A relationship between postural differences and age and sex has been described in
the literature, although very few investigations examined these differences in the same
group of subjects over time. Few studies have examined the relationships between spinal
curves, rounded shoulders, and forward head posture and whether or not changes in one
of these postures may affect the other components. Furthermore, the literature has been
unable to establish relationships between activity levels, discomfort and posture.
Most research has focused on the posture of the elderly, children, and adolescents,
while few studies have examined the posture of young to middle-aged adults. Though
many methods for quantifying posture have been explored, radiographs remain the gold
standard. One of the purposes of this study was to identify the most current and clinically
practicable assessment tools for measuring posture. Another was to analyze the stability
of posture over a four-month period in young, adult female subjects.
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METHODS
Reliability Study
Inter- and intra-rater reliability was assessed for all five investigators for each
measure. Female subjects were recruited via convenience sampling; five subjects were
measured by each of the five testers. Consent forms were completed, and Body Mass
Index (BMI) was calculated based on self-reported height and weight measurements.
Each tester performed the following measurements three times on each subject:
craniovertebral angle, scapular distance, thoracic curvature, lumbar curvature, and pelvic
inclination. Procedures for these measurements are described in the “Study
Measurements” section of this document.
In order to decrease measurement bias for the rounded shoulders measure, a piece
of unmarked string was used to measure the distance between the marks on the T3
spinous process and acromion. The start and end positions of the string were held by the
measurer as the string was lined up against a ruler, in order to measure the distance; the
length was recorded to the nearest millimeter. We were unable to reduce measurement
bias in other measurements due to the methods and equipment used.
The three testers with the highest intrarater reliability (ICC = 0.900, 0.746, 0.735)
and interrater reliability (ICC = 0.640-0.994) conducted all posture measurements for the
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main study.
Study Measurements
Participants were recruited via flyer, announcements and direct solicitation. A
screening form was used initially to ascertain eligibility (See Appendix A). Subjects were
measured in the same location for each assessment.
Subjects were instructed to wear loose fitting or thin pants that could be rolled
down to show anterior superior iliac spine(ASIS) and posterior superior iliac spine(PSIS),
or spandex to allow palpation of bony landmarks through the fabric. Hair was secured in
a way that would expose the neck. Patients were asked to wear clothing and
undergarments that could be easily removed, as to not obscure our measurements. Gowns
were available to cover the front of each subject and leave the back exposed.
The CMDQ was completed online at the beginning of measurement session and
the total score was automatically calculated by the survey instrument. Only the total
CMDQ score was recorded for each subject.
All measurements and questionnaires except the eligibility questions were
repeated at approximately two and four months after the initial measurement session. At
the final visit, subjects were asked additional questions about their musculoskeletal
complaints and their perceptions of the cause of any reported neck or shoulder or low
back discomfort, as well as their general activity levels.
Measurement Methods
Equipment Set-up
A plumb line was secured to a tall, stationary tilted whiteboard and allowed to
hang, free of obstruction, in the testing area to show true vertical orientation during the
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FHP measurement. A tripod was used to mount an iPhone with the Coach’s Eye
Application to be used for the forward head assessment. The tripod was centered on the
field of measurement and the iPhone was aligned horizontally using the built-in digital
level application on the device. A placemat was taped to the floor, with the front edge
exactly one meter from the camera. This distance was measured from a plumb line that
was suspended from the location of the iPhone camera in order to ensure that the subject
would be standing one meter from the camera itself. (See Figure 4)

Figure 4: Set-up of Tripod and Measurement Field
Craniovertebral Angle for Forward Head Posture
Each subject was instructed to stand within the borders of the placemat with her
right side toward the camera. The C7 spinous process was palpated and marked with a
skin marker. A three dimensional red marker was then secured over this point using twosided tape. Subjects were instructed to “Look down at the floor, then look up at the
ceiling. Continue doing this ‘up and down’ motion but slowly reduce the amount you go
up and down until you come to a stop at the point that feels most comfortable with your
eyes looking straight ahead.”
The Coach’s Eye iPhone application was used to measure FHP in each subject.
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Within the application, a vertical line in the superimposed grid was aligned with the
plumb line in the viewfield of the camera. Researchers used a single frame of a one
second video captured by Coach’s Eye to measure the craniovertebral angle. Within the
app, the assessor maximally zoomed in on the image and used the “draw rectangle”
feature to place a rectangle on the image. The left side of the rectangle was on the C7
spinous process marker, and the right side was on the plumb line. The “draw angle”
feature was used to measure the craniovertebral angle, with one arm beginning at the
spinous process of C7 and ending at the tragus of the ear and the other line from the
spinous process of C7 along the horizontal reference of the rectangle to form an angle;
the program automatically determined the angle between the lines as they were drawn. A
screenshot of the angle measurement was used to record the angle. (See Figure 5)

Figure 5: Craniovertebral Angle as Shown on Coach’s Eye Application
Rounded Shoulders Posture
The T3 spinous process and posterolateral corner of the acromion were palpated
and marked with a skin marker. The subject remained on the placemat and was instructed
to “relax and stand comfortably” for thirty seconds in order to naturalize their posture. A
standard tape measure was used to measure the distance between the two marks to the
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nearest tenth of a centimeter. (Figure: 6)

Figure 6: Placement of Tape Measure to Determine Distance Between Spine and Scapula
Pelvic Inclination
Subjects remained standing on the placemat and were informed that they would
be palpated in the right hip region and that they should try not to move during palpations.
The subject was then instructed to march in place for 10 steps in order to naturalize their
posture, ending with both feet on the floor within the borders of the placemat,
maintaining equal distribution of weight through each planted foot. The right elbow was
placed in a flexed position so as to not interfere with measurements while the left arm
remained by the subject’s side. The ASIS and PSIS were palpated on the right side prior
to placing the distal ends of the PALM calipers firmly against the inferior edge of the
ASIS and PSIS; researchers palpated through the finger loops on the device. The
measurement was recorded to the nearest degree. (Figure 7)
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Figure 7: Placement of PALM Device on ASIS and PSIS
Thoracic and Lumbar Curvature
The C7 spinous process and lumbosacral joint space were palpated and marked
with horizontal lines using a skin marker, avoiding tension on the skin that could alter its
location. Subjects were instructed to “stand in your usual best posture, resting your hands
on the chair in front of you and look straight forward without supporting yourself on the
chair.”
The researcher began by creating a smooth “S” shape and then molding the
Flexicurve to the exact shape of the subjects’ spinal curves until there was no space
between the skin and the Flexicurve. (See Appendix B) The Flexicurve was gradually
curved to match the subjects’ spinal curves without being pushed against the skin. The
subject was then asked to remove their hands from the chair while the researcher
confirmed that there was still no space between the skin and the Flexicurve. Prior to
removing the Flexicurve from its position on the subject, the levels of the lumbosacral
joint and C7 were identified on the Flexicurve using firm thumb placement.
A second researcher traced the curve on the side that was in contact with the
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subject’s skin onto grid paper. Marks were made on the curve to indicate the lumbosacral
joint and C7. A line was drawn from the C7 point of the curve to the lumbosacral point.
The depth of thoracic kyphosis and lumbar lordosis was assessed by measuring from each
apex to this line. (See Figure: 8 and 9)

Figure 8: Placement of Flexicurve for Tracing on Graph Paper

Figure 9: Measuring Depth using Flexicurve Tracing4
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RESULTS
Subjects
Twenty-seven subjects were able to participate and were measured by one of the
three testers. 24 of the 27 subjects were enrolled in a physical therapy program of study
and 26 of the 27 subjects had school or job requirements that included sitting for a
prolonged period of time. One subject worked primarily in a job that required her to stand
and walk for the majority of her shift.
Statistical Analysis
Two-way repeated measures analyses of variance (ANOVAs) were used to
determine the effect of time on each component of posture (FHP, RSP, thoracic and
lumbar curvature, pelvic inclination), as well as activity level, and MSK discomfort. For
all ANOVAs, normality was demonstrated using the Shapiro-Wilk test, and sphericity
was verified using Mauchly's test of sphericity. Box plots were used to determine the
presence of any outliers (Refer to Table 1 below). A confidence level of p<0.05 was
chosen for the determination of significance for all statistical tests. The ANOVA revealed
that there was a statistically significant increase in FHP over time (F = 4.931, p = .011).
This change was further investigated, and pairwise comparisons showed a significant
increase in FHP between the initial measurement and the final measurement (p = 0.029).
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A statistically significant decrease was found for thoracic curve (F = 7.630, p = .001) and
pairwise comparisons showed this decrease occurred only between the middle
measurement and the final measurement. There were no statistically significant changes
for RSP(F = 2.646, p = .080), lumbar curve(F = 1.298, p = .282), pelvic inclination (F =
3.185, p = .050), activity level(F = 1.186, p = .314), or MSK discomfort(F=0.776, p=
.466).

Table 1. Statistical Results of Postural Components
Postural Component p-value
Mauchly’s Outliers
FHP

0.011

0.444

no

RSP

0.08

0.992

2 outliers, none
removeda

Thoracic Curve

0.001

0.344

no

Lumbar Curve

0.282

0.959

no

Pelvic Inclination

0.05

0.358

no

MSK Discomfort

0.375

0.000b

7 outliers, highest
removedc

Activity Level

0.314

0.055

3 outliers, none
removedd

Significant p-values are bolded.
a
Outliers occurred due to physical size of subjects, did not remove
b
Mauchly’s indicated sphericity was violated, so Greenhouse-Geisser test for significance
was used.
c
Highest outlier was removed from the data, but results were still not significant.
d
Outliers occurred due to subjective nature of measurement

The most extreme MSK discomfort outlier was removed prior to performing a
multiple regression analysis for all three measurements. The goal of this analysis was to
investigate the relationship between postural measurements and MSK discomfort over
time; no statistically significant relationship was found between the MSK discomfort
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measures taken before, during or at the end of the study and corresponding postural
measurements (Rpre = 0.421, p = .495; Rmid = 0.271, p = .888; Rpost = 0.284, p = .865) .
Kendall’s Tau-b was used to assess for a relationship between activity level and MSK
discomfort and no statistically significant relationship was found (Taub = -.095, p = .551).
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DISCUSSION
Based on the “geometrical construct” of the spine,36 we expected that if we
observed a change in one spinal curve, we would see a corresponding shift in the other
curves. This did not, however, occur in our study, as we only found a significant increase
in FHP and decrease in T-spine curvature, with no other significant changes in our
postural measurements. Since none of the other postural measures changed significantly,
they were considered stable over the four-month period of this study. This is consistent
with research indicating that different components of posture may be regarded as stable
over a similar time period.6,11-13
We found that FHP progressed over time, which does not concur with the
literature. We believe this variation in results may have stemmed from the differences in
measurements used to analyze the specific components of FHP.29 Our study measured
FHP using the craniovertebral angle, an angle that measures FHP as a whole without
analyzing the individual components of FHP. This angle analyzes FHP as a composite of
both upper and lower cervical posture, without determining the degree of upper cervical
extension or lower cervical flexion. Though our methods for measuring FHP were
reliable as demonstrated by our reliability study and the research, we believe that
variability in the individual components of FHP25,29,35 may have resulted in our
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conclusions differing from those of prior research. Szeto and Salahzadeh both determined
that, though overall FHP may appear to change, the difference in measurements may
actually be caused by only one component of cervical posture changing over time (i.e.
head tilt, upper cervical extension, lower cervical flexion).25,35 Moving forward with our
results, we concluded that no matter the cause of the change, the degree of change in FHP
determined by our data may become symptomatic to a patient, should it continue to
increase over time.35
All subjects completed a survey on the day of their final measurement session to
retrospectively estimate activity level and time spent sitting, and whether or not they had
experienced any neck or back pain. (See Appendix C) The intention of this survey was a
post hoc attempt to better understand our subjects’ activity trends and the suspected
source of each subjective report of pain, since we did not gather this information from the
CMDQ during each visit. In our limited sample size, the number of subjects who reported
discomfort was relatively small, which made it particularly difficult to find any
correlations between pain and posture. Some subjects speculated that their pain might
have resulted from poor posture; however, their objective postural measurements did not
correlate with these speculations when the overall relationship between MSK discomfort
and posture was analyzed. Our data on the relationship between MSK discomfort and
spinal posture was inconclusive. The results of published literature on MSK discomfort
and posture was also inconclusive.7,38
Because our measurements were taken at different points in time throughout an
academic year, inferences may be drawn about postural demands during periods of being
in or out of school. Baseline measurements were taken at the end of a semester after
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almost four months of extended sitting in class, while measurement two was taken at the
beginning of a semester, after nearly four weeks of vacation and presumably less static
sitting. This is when we found a significant decrease in thoracic curvature. This led us to
conjecture that a change in activity and less time spent sitting may have affected our
subjects’ posture. On average, our subjects estimated that they spent five to seven and a
half more hours sitting per day when classes were in session than when they were out of
school on breaks lasting at least a week.
Although the U-shaped relationship between activity level and MSK discomfort
has been examined in previous research,9,10 we were unable to correlate these two factors.
Most subjects, who were 89% graduate students, reported being less active than they
would like to be. They attributed their lack of activity to attending school and the time
constraints involved in studying and attending class. This subjective report of reduced
physical activity matches reports from the two studies that analyzed activity levels of
both college45 and graduate44 students.
When posture was measured over time, FHP and thoracic curvature changed
significantly, while lumbar lordosis, pelvic tilt and rounded shoulders posture did not.
However, we cannot say whether or not changes in sitting habits were directly related to
these changes. Some of these results agreed with the literature, even though those
findings are inconsistent. The changes in FHP correlated with the findings of Szeto and
and Refshauge,29,35 while the significant decrease in thoracic curvature did not correlate
with previous research.6 The stability of lumbar lordosis and pelvic tilt also agreed with
previous research on static posture,12,13 while there was not enough evidence to support
the stability of RSP alone to corroborate our results with the literature. Neither posture
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nor activity level correlated with MSK discomfort in the ways reported in previous
studies.7,9,10,38
We believe these differences between our study and previous studies can be
attributed to multiple factors. We used convenience sampling for our study, which
resulted in a small sample of primarily young graduate students, which may not reflect
the general undergraduate or graduate student population. Additionally, very few of our
subjects reported neck or back pain, making it difficult to assess for possible relationships
between spinal pain and postural alterations observed during the study.
When utilizing the CMDQ, we used the questionnaire as the instrument was
intended and obtained the total score, but later realized that analyzing the raw scores of
the questionnaire, would have been helpful. The total score did not indicate the location
of MSK discomfort so it did not allow any conclusions to be drawn about whether or not
posture affects MSK discomfort of the neck or back. The total scores also produced data
points of extremely high values due to the equation used to calculate the total score.
Though the relatively high values of the total scores are appropriate for determining
whether or not a subject’s pain affects their job or work activities, they were less
appropriate for our study. As the majority of our subjects obtained a score of zero on the
questionnaire, it was more complicated to interpret the statistical significance of changes
in MSK discomfort.
Limitations
Our small sample size limited our ability to apply our findings to a broader
population. Measurements were recorded over a four-month period consisting of two 16week class semesters with two break periods, one lasting about a month, and the other a
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week. Our measurement period was constrained by the academic calendar as well as
access to our subjects. While this was a relatively short time frame to analyze the
complex set of variables that comprise posture, it was mandated by our subjects’
availability as determined by the academic calendar. Had more data points been recorded
over a longer period of time, we may have obtained a more accurate picture of possible
postural trends and how those trends might have related to MSK discomfort and activity
level.
We allowed our subjects to wear undergarments or thin, stretchy athletic wear for
Flexicurve thoracic measurements. When possible, we applied the Flexicurve under
undergarment straps but it was frequently necessary to go over the straps or athletic wear.
Although we did not believe at the time that this was problematic, we now question
whether the thoracic curve measurements may have been somewhat inaccurate as a result
of molding the Flexicurve over undergarments.
Subjects’ activity levels, sitting habits, and estimates of activity level were not
recorded at each measurement session, which required us to later estimate their activity
levels over the course of our study. Additionally, we did not record the location of our
subjects’ pain at each measurement session, which meant that we were neither unable to
truly examine the relationship between changes in our subjects’ posture and their MSK
discomfort over time nor could we determine if the sources of each subject’s pain were a
result of their posture or vice versa.
Future Experiments
We recommend a larger sample size and spreading measurements over a longer
time period, which would better reveal postural trends. To ensure that Flexicurve
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measurements are accurate, patients should be asked to wear only an open-backed gown
to decrease the amount of interference with the Flexicurve from undergarments. It would
be prudent to record the amount of time that subjects participate in physical activity and
any changes that may occur during breaks from school or during the semester. Lastly, the
raw CMDQ scores should be categorized by location of the reported pain, which would
help identify whether or not complaints might be relevant to measured changes in spinal
posture.
Conclusion
We were unable to draw a clear relationship between posture and musculoskeletal
discomfort or activity level. However, considering that posture is affected by a multitude
of factors, it is unlikely that research will pinpoint a single factor causing postural
change. Our findings showed that some aspects of posture appeared to remain stable over
time while others did not, which supports published findings. Our study has also
contributed to the posture literature by determining safe, valid, reliable and clinically
feasible measurement methods for multiple aspects of posture.
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Appendix B: Flexicurve Instructions
FLEXICURVE SPINAL MEASUREMENT: courtesy Carleen Lindsey
PROTOCOL FOR CLINICAL ASSESSMENT: KYPHOSIS AND LORDOSIS
Always record time of day as well as date.
Measure standing height beforehand (if possible using a “stature board” rather than standard office scale).
Shoes off (unless otherwise noted) backed up to wall, feet comfortably under the pelvis
Instruct to “STAND IN YOUR USUAL BEST POSTURE”
Move headpiece down firmly to contact patient’s head, then ask for final effort to “STAND TALL” and
adjust headpiece appropriately. The black marker line marks the correct number to record.
Mark centers of C7 spinous process and L-S joint space with a grease pencil while the patient is instructed
to “STAND IN YOUR USUAL BEST POSTURE, RESTING YOUR HANDS ON THE CHAIR OR
TABLE IN FRONT OF YOU. LOOK STRAIGHT AHEAD.”
Use 3 fingers when palpating in order to sense relative movement above and below when identifying
landmarks. Stand to the side of the patient with your left arm lightly across the shoulders and sternum.
Place your right fingers 2,3,4 LIGHTLY on the landmarks, with your 3rd finger on the one you are looking
for. Identify C7 as the spinous process that “doesn’t disappear” when the patient extends the neck to
“look up”. C6 will “disappear” under your 2nd finger, and T1 will remain prominent under your 4th finger.
Identify the L-S interspace as the most inferior interspace that opens and closes with trunk ROM. S1-2
will have a bony feel, will not change its boundaries with trunk movement, and should be under your 4th
finger. L4-5 and L5-S1 will open and close, and should be under your 2nd and 3rd fingers. Start by asking
the patient to extend the trunk, guiding them with your right hand across the shoulders, while palpating
lightly with your right 2nd, 3rd, and 4th fingertips. Check other motions if you don’t feel confident of
landmark identification during extension.
Mark each landmark (C7 process and LS space) with a single horizontal grease pencil line. Make sure
the patient is standing in their usual best posture so that the marks are in the correct place during
measurement. Do NOT put tension on the skin while drawing, as this will change the location of the mark.
Clean flexicurve using a damp paper towel to remove previous marks. Make sure there are no bumps and
that it is in a smooth “S” shape.
Mold flexicurve to exact shape of external kypholordosis between C7 and LS interspace.
Start by getting the “macro curve” generally “right”. Hold at the top and the bottom, and gently
adjust it to match the curve of the patient.
Fine-tune each area where there is “air” showing between f-curve and skin. Bring it about 1 millimeter
away from the skin, and grasp at the top and bottom of the problem area. Lightly adjust this area only,
AVOIDING PUSHING THE FLEXICURVE INTO THE PATIENT’S BACK.
Ask the patient to remove hands from the support; and to stand in “your usual best posture”. Check to
see that there is still “no air” between flexicurve and skin.
When satisfied that the f-curve is accurate in shape, mark the LS interspace on the side of the f-curve with a
single straight grease pencil line as if you were continuing the mark from the skin directly onto the side of
the f-curve. Mark C7 similarly only if it does not line up with the top end of the f-curve.
Carefully remove f-curve from patient. Immediately place it on 10 x 10 grid paper (inches are divided into
1/10). Carefully align C7 with a bold line intersection and place L-S directly underneath, intersecting
the same vertical line. It can be helpful to draw in the vertical line to better visualize that both landmarks
are on the same line.
Use a pen (not the grease pencil) to trace the curve onto the paper, being certain that your pen is following
the surface that was contacting the patient directly. It helps to “angle” the pen in toward the f-curve so it is
as close as possible to where the patient’s body was.
Use a ruler with 1/10th cm markings to measure the length and width of each segment. Draw in the TW
and LW lines as you measure. Compute TW/LW and TL/LL ratios.
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Kypholordosis variations:
Be sure to record patient name, ID number, time and date, shoe status, and whether the test was done in
“Best usual”, “Cued ideal” or another posture condition on the grid paper as well as in the chart.
Index of Kyphosis* = (TW/TL)x100
Age
Female
Male
20-24 7.0 + 2.0
8.5 + 2.0
25-29 8.5 + 2.5
8.0 + 2.5
30-34 7.0 + 1.0
8.0 + 2.5
35-39 7.5 + 2.0
8.2 + 1.5
40-44 7.0 + 1.5
8.5 + 2.5
45-49 7.0 + 2.0
8.5 + 2.5
50-54 9.0 + 3.0
7.5 + 2.0
55-59 9.5 + 2.5
8.5 + 3.0
60-64 11.0 + 2.0
10.0 + 3.0
65-69 12.0 + 2.5
11.0 + 3.0
70-74 12.5 + 3.0
11.5 + 2.5
75-79 13.5 + 4.0
12.0 + 4.0
80 +
15.0 + 6.0
12.0 + 4.0
* Milne JS, Lauder IJ (1974) Age Effects in Kyphosis and Lordosis Annals of Human Biology
1:327-337
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Appendix C: Final Subject Interview
1.

Did you report discomfort today in the neck or back? Yes No

2.

If you answered yes to #1, do you have any ideas as to why you might be having this pain or what
might have caused it

3.

Do you think this discomfort might be related to your activity level?
a. Definitely
b. Probably
c. Maybe
d. Probably not
e. Definitely not
f. Other:

4.

Do you think this discomfort might be related to your posture?
a. Definitely
b. Probably
c. Maybe
d. Probably not
e. Definitely not
f. Other:

5.

Are you as active as you would like to be? Yes No
a. If not, what are the barriers to being more active?

For Students:
6. Think about weekdays during the past 1-2 semesters. How many hours per day do you typically sit
during the semester? (At school, work or at home; Try to get one number, not a range)
7. Think about weekdays during your extended breaks, such as Summer, Christmas and Spring
break. How many hours per day do you typically sit during these breaks? (Try to get one number,
not a range)
For Non-students:
8. Think about weekdays over the past 6 months. How many hours per day do you typically sit? (At
work or at home; Try to get one number, not a range)
9. Think about vacations or non-work days over the past 6 months. How many hours per day do you
typically sit? (At work or at home; Try to get one number, not a range)

